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==================

Eosinophilic annular erythema is a rare, pruritic disease characterized by a chronic course and frequent resistance to treatment.There is a need for effective and safe therapeutic options for the management of eosinophilic annular erythema.Targeting cytokines crucial for the functioning of eosinophils, mainly interleukin-5, may be a novel direction in the treatment of eosinophilic annular erythema, but prospective, double-blinded and placebo-controlled studies are needed to provide further evidence.

Introduction {#Sec2}
============

Eosinophilic annular erythema (EAE) is a rare condition with a chronic relapsing and remitting course, characterized by the presence of annular or polycyclic erythematous and plaque lesions with a tendency to centrifugal spreading and prominent tissue eosinophilia on histopathology \[[@CR1]--[@CR14]\]. Skin lesions predominantly develop on the trunk and proximal aspects of the extremities. The condition was originally believed to be closely related to annular erythema of infancy (AEI). However, AEI and EAE are currently considered to be separate entities, with the former developing mainly in infants under the age of 1 year and spontaneously resolving, and the latter affecting predominantly adults \[[@CR3]\].

A search of the literature revealed that only about 40 cases of EAE in adults and fewer than 10 cases in children have been reported to date. Among adult patients, a slight female preponderance has been noted (female:male ratio 1.14:1), and age at onset varies from 20 to 85 years \[[@CR1]--[@CR17]\].

The aetiology of EAE remains unknown. Some authors consider this condition to be a result of a hypersensitivity reaction to an unidentified antigen \[[@CR1], [@CR4], [@CR5]\]. EAE has been reported in association with autoimmune disorders, borreliosis,*Helicobacter pylori* infection, chronic hepatitis C, diabetes, and kidney disease \[[@CR1], [@CR4], [@CR6], [@CR7]\]. There are also a few reports of EAE developing in association with internal malignancy, such as thymoma \[[@CR2]\], metastatic prostate adenocarcinoma \[[@CR8]\], breast cancer, cervical cancer \[[@CR9]\] and renal cancer \[[@CR5]\]. In the reported case of EAE associated with thymoma, the lesions disappeared following thymectomy \[[@CR2]\].

Given the rarity of this condition, there are no clear recommendations for its management. Here we report a patient with EAE refractory to numerous systemic therapies, who ultimately showed a good response to mepolizumab, a humanized monoclonal antibody that blocks interleukin (IL)-5. To the best of our knowledge, this is the first report of treating a patient with EAE with mepolizumab.

Informed consent was obtained from the patient for publication of the article, including the publication of clinical photographs.

Case report {#Sec3}
===========

A 65-year-old woman was referred to the Department of Dermatology for evaluation of widespread, pruritic annular erythematous lesions of 2-month duration. This was the third episode of such annular eruption in this patient, with the first one observed at the age of 29 years. In the previous two episodes, the lesions had resolved spontaneously over months to years, but in the third episode the lesions were resistant to treatment despite application of a wide range of therapies.

On admission, the physical examination revealed annular erythematous plaques with central hyperpigmentation located predominantly on the extremities (Fig. [1](#Fig1){ref-type="fig"}a, b). Test results from complete blood cell count and routine biochemistry tests (C-reactive protein, renal and liver function tests) were normal. Thyroid-stimulating hormone level was elevated and anti-thyroid peroxidase antibodies were present. Further extended laboratory tests (antinuclear antibodies, including SS-A and SS-B, anti-neutrophil cytoplasmic antibodies, screening antibodies for syphilis, hepatitis B and C, human immunodeficiency virus 1/2,*Helicobacter pylori*,*Borrelia burgdorferi* and pemphigus/pemphigoid) and radiographic studies (chest X-ray, computed tomography of the abdomen and pelvis and ultrasound of the peripheral lymph nodes) did not reveal any significant abnormalities. Multiple biopsies had been taken over the years. Recent histopathologic examinations found a normal epidermis and dense perivascular infiltration in the dermis that was composed of lymphocytes, histiocytes and eosinophils (Fig. [2](#Fig2){ref-type="fig"}a, b). There were no findings of either mucin deposits to suggest lupus erythematosus or "flame figures" typical of eosinophilic cellulitis (Wells syndrome). Direct immunofluorescence was negative for lupus erythematosus and autoimmune bullous diseases.Fig. 1Clinical presentation of the lesions. **a**,**b** Sharply demarcated erythematous annular plaques with central hyperpigmentation, located on the dorsal aspects on hands (**a**) and lower legs (**b**). **c**, **d** Significant flattening of the borders of the lesions after first subcutaneous injection of mepolizumab 100 mg. **e**,**f** Complete resolution of the lesions on the upper limbs (**e**) and residual erythematous plaques on the lateral aspects of lower legs (**f**) 1 month after the third dose of mepolizumabFig. 2Histopathology of the erythematous border of the plaque.**a** Unchanged epidermis and dense perivascular infiltration in the dermis (×40, hematoxylin and eosin \[H&E\]). **b** Perivascular infiltration composed of numerous eosinophils, lymphocytes and histiocytes; "flame figures" were not found (×200, H&E)

On initial examination, several entities were taken into consideration in the differential diagnosis, including erythema annulare centrifugum, Wells syndrome, granuloma annulare, subacute cutaneous lupus erythematosus, erythema migrans, erythema gyratum repens and urticarial phase of bullous pemphigoid. However, based on the clinical presentation, laboratory findings (normal blood cell count without eosinophilia; negative antinuclear antibodies and negative serology for*Borrelia burgdorferi*, hepatitis B and C and screening antibodies for pemphigus/pemphigoid) and the histopathologic images (dense perivascular infiltration with abundant eosinophils and no "flame figures" or mucin deposits), these conditions were excluded and the diagnosis of EAE was made.

Treatment with oral prednisone (40 mg/day) was started, but the skin lesions continued to progress and the patient complained about gaining weight, leading to this therapy being discontinued after 1 month. Hydroxychloroquine (200 mg twice daily) was introduced and continued for 2 months, but this treatment did not lead to any improvement. Subsequent treatments with doxycycline (100 mg/day for 8 weeks) or methotrexate (10 mg/week for 6 weeks) were also not effective. Treatment with dapsone (100 mg/day) had to be discontinued after 1 month due to side effects (dyspnoea and haemolytic anaemia). While reviewing the literature, we came across a single case report of Wells syndrome that subsided completely following treatment with mepolizumab for eosinophilic granulomatosis with polyangiitis (EGPA; formerly referred to as Churg--Strauss syndrome) \[[@CR18]\]. Mepolizumab is an anti-IL-5 monoclonal antibody that has proved to be effective in eosinophilic conditions, including asthma with eosinophilic phenotype, EGPA, chronic eosinophilic leukaemia and hypereosinophilic syndrome. Given the ineffectiveness of the standard treatment options to manage our patient's condition, the presence of dense eosinophilic infiltrates on histopathologic images of the lesions and this report on the efficacy of mepolizumab in a presumably EAE-related entity, we considered initiating our patient on therapy with mepolizumab. Eventually, the patient was started on mepolizumab (100 mg subcutaneously every 4 weeks), as part of a 3-month program reimbursed by the public insurance by the National Health Found. Significant flattening of the lesions and alleviation of itching occurred after the first dose (Fig. [1](#Fig1){ref-type="fig"}c, d), and nearly complete resolution of skin changes was observed 1 month after the third injection of mepolizumab (Fig. [1](#Fig1){ref-type="fig"}e, f). In addition, the pruritus subsided completely. She did not report any side effects during therapy with mepolizumab. Given the patient's good response, the treatment regimen was extended for another 3 months, but initiation of the treatment had to be postponed due to the outbreak of the coronavirus disease 2019 (COVID-19) pandemic. No relapse was observed within the 6-month period after the last (third) injection of mepolizumab, but some residual skin changes on the lower legs have persisted. At the time of writing this article, the patient has initiated the second cycle of mepolizumab treatment.

Discussion {#Sec4}
==========

The nosological position of EAE remains not fully elucidated. There is an ongoing discussion of whether EAE and Wells syndrome are related entities as both conditions share some similarities. It was initially believed that EAE may be differentiated from Wells syndrome by the absence of "flame figures" composed of eosinophilic major basic protein and degenerated collagen on histopathology and by a normal eosinophil count in peripheral blood (Table [1](#Tab1){ref-type="table"}). Subsequently, however, several authors suggested that "flame figures" and peripheral blood eosinophilia may be present in well-developed and long-standing EAE and, therefore, the condition is currently considered by some to be a subset of Wells syndrome \[[@CR4], [@CR5]\].Table 1Differentiating features between eosinophilic annular erythema and Wells syndromeDistinguishing featuresEosinophilic annular erythemaWells syndromeProdromal symptomsAbsent, sometimes itching or tendernessBurning, painful edemaClinical presentationFigurate/centrifugum-type pattern or urticarial/annular-type patternTender cellulitis-like plaquesResolution of the lesionsWithout sequelae or rarely with hyperpigmentationUsually with atrophy or hyperpigmentationBlood eosinophiliaAbsent (occasionally reported in well-developed and long-standing lesions)Hallmark of the condition"Flame figures" on histopathologyAbsent (occasionally reported in well-developed and long-standing lesions)Hallmark of the conditionOther histopathologic findingsPerivascular inflammatory infiltration in the dermis with abundant eosinophils; eosinophils usually limited to the dermis; no nuclear dust or features of vasculitis; basal vacuolar changes and dermal mucin deposits may be presentDiffuse inflammatory infiltration in the dermis with abundant eosinophils; eosinophils found in the dermis and subcutis; vasculitis and granulomatous inflammation usually present

There are no predefined diagnostic criteria for EAE, and the diagnosis should be based on: (1) presence of annular erythematous lesions characterized by a chronic relapsing and remitting course; (2) absence of blood eosinophilia (in the majority of cases); (3) histopathologic findings of dense perivascular infiltration composed of numerous eosinophils and absence of "flame figures" (except for long-lasting lesions); and (4) exclusion of other conditions (mainly Wells syndrome, urticaria, erythema annulare centrifugum, lupus erythematosus).

As the exact aetiology of EAE remains unknown, the treatment is mainly symptomatic and the mechanism of action is not fully elucidated. Systemic corticosteroids and antimalarials are the most commonly used treatment option. Antimalarials, when efficacious, lead to significant improvement within 2--4 weeks. Still, some authors reported observing a delayed response to chloroquine and decided to prolong treatment to avoid relapses \[[@CR10]\]. Nevertheless, many cases resistant to treatment with systemic corticosteroids and antimalarials have been reported in the literature \[[@CR1], [@CR4], [@CR5]\]. In one study, cyclosporine A was used mainly in combination with systemic corticosteroids, with several patients showing partial improvement \[[@CR4]\]. A number of studies have reported some cases showing a good response to dapsone \[[@CR11]--[@CR13]\]. Howes et al. \[[@CR14]\] presented a patient with EAE who had a striking response to indomethacin; however, the treatment had to be discontinued due to intolerable side effects. Nicotinamide (900 mg/day) was also successfully administered to one patient with EAE and autoimmune pancreatitis \[[@CR6]\]. Methotrexate (10 mg/week) was found to be effective in a single case, but the treatment was discontinued after 2 weeks due to blood cell count abnormalities \[[@CR7]\]. In the same patient, treatment with mycophenolate mofetil at a dose of 500 mg twice daily led to moderate improvement, but this treatment was stopped due to elevated liver enzyme levels, which were subsequently attributed to the onset of autoimmune hepatitis. There is also a single case report of an 8-year-old-boy who achieved complete resolution of EAE after eight sessions of narrow-band ultraviolet B phototherapy \[[@CR15]\].

Eosinophils are considered to be the crucial cells in the development of EAE. The efficacy of antimalarials has been suggested to be associated to their ability to inhibit eosinophilotaxis and release proinflammatory cytokines \[[@CR1]\]. Dapsone has been found to inhibit eosinophil peroxidase and block mast cell degranulation and activation. Data from recent case reports underscore the efficacy of targeting Th2-type cytokines in the treatment of EAE. Suplatast tosilate, an anti-allergic medication that suppresses the production of IgE and synthesis of IL-4 and IL-5, was administered to one patient with EAE, resulting in complete resolution of the lesions within 2 weeks \[[@CR16]\]. Dupilumab, an IL-4 receptor alpha antagonist, was also successfully used in a 14-year-old African-American girl with EAE \[[@CR17]\].

Mepolizumab is a humanized monoclonal antibody targeting IL-5, a cytokine that is crucial for the development and tissue migration of eosinophils. The medication is used in the treatment of severe eosinophilic asthma. It is also approved by the U.S. Food and Drug Administration for the treatment of EGPA. There has been one published report of a patient with EGPA coexisting with Wells syndrome, in whom treatment with mepolizumab resulted in complete resolution of the skin lesions \[[@CR18]\]. To the best of our knowledge, mepolizumab has not been used previously to treat EAE. In the patient presented here, the initial dose of mepolizumab led to significant improvement of the skin condition and severity of pruritus. According to the patient, the effect was better than that of all previous treatment regimens. Skin lesions continued to subside after subsequent injections, and nearly complete remission was observed 1 month after the third dose of mepolizumab. Good response to an anti-IL-5 agent speaks for an important role of eosinophils in the pathogenesis of EAE and might set a new direction in the management of the condition.

Conclusion {#Sec5}
==========

Eosinophilic annular erythema is a pruritic disease with a chronic course and frequent resistance to treatment. There is a need for effective and safe therapeutic options for the condition. Targeting cytokines crucial for the functioning of eosinophils may be a novel direction in the treatment of EAE, but prospective, double-blinded and placebo-controlled studies are needed to provide further evidence.
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